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Outline

• Motivation

• Annual modulation results

• Collar and Fields’ analysis

• Reproduction of Collar and Fields’ now 
for singles and multiple scatters

• Towards a better background model
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Motivation
• Collar and Fields’ analysis was the main 

motivation for this work.

• Low-mass WIMPs are of strong 
theoretical interest, also because of the 
CoGeNT result.

• CDMS has searched for low-mass WIMPs 
by lowering energy thresholds.

• This implies the leakage of 
backgrounds into the signal region.

• Prime for max-likelihood methods and 
annual modulation searches!
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• Phys. Rev. Lett. 106 
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Annual modulation result
• CDMS II saw no evidence of annual 

modulations above 5 keVnr.  
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FIG. 1. (color online) The rate of CDMS II nuclear-recoil
band events is shown for the 5.0–11.9 keVnr interval (dark
blue), after subtracting the best-fit unmodulated rate, �d,
for each detector. The horizontal bars represent the time
bin extents, the vertical bars show ±1� statistical uncertain-
ties (note that one CDMS II time bin is of extremely short
duration). The CoGeNT rates (assuming a nuclear-recoil en-
ergy scale) and maximum-likelihood modulation model in this
energy range (light orange) are shown for comparison. The
CDMS exposure starts in late 2007, while the CoGeNT expo-
sure starts in late 2009.

rates in this energy range with amplitudes greater than
0.06 [keV

nr

kg day]�1 are excluded at the 99% C.L.
For comparison, a similar analysis was carried out us-

ing the publicly available CoGeNT data [19]. Our analy-
sis of CoGeNT data is consistent with previously pub-
lished analyses [6, 7, 14]. Figure 3 shows the modu-
lated spectrum of both CDMS II and CoGeNT, assum-
ing the phase (106 days) which best fits the CoGeNT
data over the full CoGeNT energy range. Compatibil-
ity between the annual modulation signal of CoGeNT
and the absence of a significant signal in CDMS is de-
termined by a likelihood-ratio test, which involves cal-
culating � ⌘ L

0

/L
1

, where L
0

is the combined max-
imum likelihood of the CoGeNT and CDMS data as-
suming both arise from the same simultaneous best-fit
values of M and �, while L

1

is the product of the maxi-
mum likelihoods when the best-fit values are determined
for each dataset individually. The probability distribu-
tion function of �2 ln� was mapped using simulation,
and agreed with the �2 distribution with two degrees
of freedom, as expected in the asymptotic limit of large
statistics and away from physical boundaries. The simu-
lation found only 82 of the 5⇥103 trials had a likelihood
ratio more extreme than was observed for the two ex-
periments, confirming the asymptotic limit computation
which indicated 98.3% C.L. incompatibility between the
annual-modulation signals of CoGeNT and CDMS for the
5.0–11.9 keV

nr

interval.
We extend this analysis by applying the same method

to CDMS II single-scatter and multiple-scatter events
without applying the ionization-based nuclear-recoil cut.
These samples are both dominated by electron recoils.
Figure 4 shows the confidence intervals for the allowed
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FIG. 2. (color online) Allowed regions for annual modulation
of CoGeNT (light orange) and the CDMS II nuclear-recoil
sample (dark blue), for the 5.0–11.9 keVnr interval. In this
and the following polar plot, a phase of 0 corresponds to Jan-
uary 1st, the phase of a modulation signal predicted by generic
halo models (152.5 days) is highlighted by a dashed line, and
68% (thickest), 95%, and 99% (thinnest) C.L. contours are
shown.
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FIG. 3. (color online) Amplitude of modulation vs. energy,
showing maximum-likelihood fits for both CoGeNT (light or-
ange circles, 68% confidence interval shown with vertical line)
and CDMS nuclear-recoil singles (dark blue rectangles, 68%
confidence interval given by rectangle height). The phase that
best fits CoGeNT over all energies (106 days) was chosen for
this representation. The upper horizontal scale shows the
electron-recoil-equivalent energy scale for CoGeNT events.
The 5–11.9 keVnr energy range over which this analysis over-
laps with the low-energy channel of CoGeNT has been divided
into 3 (CDMS) and 6 (CoGeNT) equal-sized bins.

CoGeNT
CDMS II

• arXiv:1203.1309



Annual-modulation 
systematics

• Best-fit amplitudes for 
modulations 
introduced by these 
cuts are 0.001 and 
0.003 [keV kg day]-1 
for the NR and fiducial 
volume cuts, 
respectively. 

• 20x less than our 
annual modulation 
upper limit. 
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Electron recoils
Surface events

Nuclear recoils?
Zero-charge

• Collar and Fields had a good idea to fit our data 
in ionization and recoil energy to a model. • arXiv:1204.3559



Collar and Fields’ model
• Collar and Fields digitized figures of the 

CDMSII data (accurately I might add!)

• Defined a PDF with:

• Exponentials in recoil energy.

• Gaussians in ionization.

• Crystal-ball PDF to describe
 surface events.

• Gaussian with power law
8
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Collar and Fields’

• For their assumed  
background pdf 
shape, the authors 
found a 5.7σ NR 
excess.

9

ar
X

iv
:1

20
4.

35
59

v3
  [

as
tro

-p
h.

CO
]  

22
 A

pr
 2

01
2

A Maximum Likelihood Analysis of Low-Energy CDMS Data

J.I. Collar and N.E. Fields1

1Enrico Fermi Institute, Kavli Institute for Cosmological Physics and
Department of Physics, University of Chicago, Chicago, IL 60637

An unbinned maximum likelihood analysis of CDMS low-energy data reveals a strong preference
(5.7σ C.L.) for a model containing an exponential excess of events in the nuclear recoil band, when
compared to the null hypothesis. We comment on the possible origin of such an excess, establishing
a comparison with anomalies in other dark matter experiments. A recent annual modulation search
in CDMS data is shown to be insufficiently sensitive to test a dark matter origin for this excess.

PACS numbers: 95.35.+d, 85.30.-z

The CDMS collaboration has recently made public a
negative search for an annual modulation in low-energy
signals from their cryogenic germanium detectors [1].
This effect is expected from Weakly Interacting Massive
Particle (WIMP) interactions with dark matter detector
targets [2]. Observation of this WIMP signature has been
claimed by the DAMA collaboration with high statisti-
cal significance [3], using low-background NaI(Tl) scin-
tillators. The CoGeNT collaboration recently released
fifteen months of data from underground germanium de-
tector operation [4]. These display a compatible modula-
tion [4–6], albeit with the smaller statistical significance
that would be expected from a short exposure.

Fig. 6 in [1] shows, for the first time, detailed in-
formation from all eight CDMS germanium detectors
employed in the modulation search and a previous low-
energy analysis [7]. Specifically, it contains the distribu-
tion of single-interaction events in the ionization energy
(Ei) vs. recoil energy (Er) plane that can be used to
identify their origin in nuclear recoils (NR) like those ex-
pected from WIMP and neutron interactions, or electron
recoils (ER) like those induced by gamma backgrounds.

A formal assessment of the possibility that a significant
WIMP-like low energy NR population might be present
in CDMS data is of particular interest. The CDMS col-
laboration has not made public a dedicated study of this
type, but has put forward arguments [7] indicating that
the majority of their low-energy events would originate
in unrelated backgrounds. These arguments have been
criticized in [8]. Additional objections will be presented
here, arising from the analysis described below.

Fig. 1 displays the sum of these data in Ei vs. Er rep-
resentation for dark matter search runs collected over a
two year span. The response across detectors to gamma
and neutron calibration sources varies from device to de-
vice, as denoted by the individual centroids of the ER
and NR bands (thin dotted lines). While these varia-
tions have the effect of somewhat blurring the distinction
between background sources, they are sufficiently small
not to preclude an attempt to analyze summed data, in
an effort to maximize the available statistics. Besides
the mentioned ER and NR components, two additional

FIG. 1: Scatter plot of single-interaction events in all eight
CDMS detectors, digitized from individual plots in [1], using
g3data software [9]. Thick solid lines represent the approx-
imate centroid of the electron recoil (ER) and nuclear recoil
(NR) response bands, averaged over all detectors, with thin
dotted lines corresponding to each individual device, aver-
aged over the small temporal variations observed during a
two-year span (Fig. 6 in [1]). A third thick line indicates the
nominal centroid for zero-charge (ZC) events, defined by the
condition Ei = 0 (see text for a discussion on deviations).
A disproportionate fraction of events in the region Ei < 1.5
keVee, Er > 5 keVnr, come from T3Z5, a detector with a
markedly degraded energy resolution. The blue boundary is
the (detector-averaged) region selected by CDMS for an an-
nual modulation search [1].

sources of background are described in [7]: a diffuse sur-
face event component (SE, Fig. 1) due to gamma and
beta interactions on detector surfaces, leading to partial
charge collection, and a population of zero-charge (ZC,
Fig. 1) events taking place on the edges of the detectors,
resulting in complete charge loss due to local electric field
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FIG. 3: Best-fit components of the null and alternative mod-
els, overlapped on summed data, projected on Er and Ei.
Red: ER and SE combined through the Crystal Ball PDF
[15]. Green: ZC. Blue: NR. Black: sum of components. The
null model requires a large deviation of the ZC centroid to
Ei ∼ 0.5 keVee, hard to reconcile with adequate Ei calibra-
tions [12] and with the mean Ei of ZC events above ∼ 5 keVnr,
a region where their true centroid can be assessed (Fig. 2).
The separation between ZC and NR populations is noticeable
for data in the 5-11.9 keVnr analysis region used in [1].

energy is done as in [1], by using the more reliable ger-
manium quenching factor measured by CoGeNT [23].
Assuming this exponential distribution is the approxi-
mate response to a WIMP, we generate a CDMS region
of interest (ROI) in WIMP coupling vs. WIMPmass (Fig.
4, inset) that includes present uncertainties.

Our analysis allows for a straightforward estimate of
the sensitivity of the search for an annual modulation in
[1], by integrating best-fit signal (NR) and background
(ER, SE, ZC) components inside CDMS’s ±2σ NR, 5-
11.9 keVnr, ”signal box” (Fig. 1, blue enclosure). We find
that out of ∼ 167 events within, only 35% would corre-

FIG. 4: Blue: best-fit NR component for CDMS summed
detector data, translated to ionization scale and overlapped
on histogrammed CoGeNT data [4] after normalization to
the vertical scale. Neither is corrected for efficiency next to
threshold. Dotted blue lines represent the 1σ uncertainty in
the parameter A1 for NR. A dashed black line represents
known CoGeNT backgrounds (flat+cosmogenic [4]), which
provide an adequate fit to the data down to ∼ 1.2 keVee,
the lower boundary of the CDMS annual modulation search
region. Inset: 90% and 99% C.L. CDMS ROI in WIMP cou-
pling vs. mass (see text), including all present uncertainties
except for those related to CDMS’s energy scales [23]. ROI’s
for CoGeNT [4], CRESST [24] and DAMA [3] are from [6],
and include the effect of a residual surface event contamina-
tion in CoGeNT described in [4]. The DAMA ROI assumes
a Maxwellian dark matter halo: deviations from it can dis-
place it to lower WIMP couplings [5, 6, 25, 26]. Additional
uncertainties for DAMA exist [26].

spond to the putative WIMP (NR) signal. This trans-
lates into 0.035 NR events / keVnr kg day, whereas the
99% exclusion claimed in [1] is for modulations larger
than 0.06 events / keVnr kg day. In other words, even
at a modulation amplitude of 100%, the search in [1]
would fail to exclude a WIMP origin for the NR excess
seemingly present in CDMS data. Important additional
concerns about the search in [1] can be listed. For in-
stance, the addition of non-overlapping time periods [27]
from detectors spanning an order of magnitude in back-
ground rate within the signal box [14, 16], the negligible
overlap with the CoGeNT spectral region containing a
clear excess of events (Fig. 4), or unresolved issues related
to CDMS’s energy scales [23]. However, we emphasize
that the choice of signal box boundaries, one that results
in a poor signal-to-background ratio, is already sufficient
to cripple its sensitivity.
In conclusion, we find that recently released 2007-2008

arXiv:1204.3559NR?
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Table 1: Fit parameters for all detectors and without T3Z5. Displayed are the parameters from our fits to both singles and multiples separately and

the values found in [2]. We calculate a higher significance according to the slightly better likelihood ratio in [2] vs. their arXiv submission.

singles – all detectors singles – all-T3Z5 Collar/Fields’ multiples – all detectors multiples – all-T3Z5

Parameter no NR with NR no NR with NR all all - T3Z5 no NR with NR

−2 lnΛ/∆d.o.f. 22.74 / 5 28.7 / 5 35.8 / 5 47.6 / 5 22.8 / 5 19 / 5

p-value 3.8× 10

−4
2.7× 10

−5
1.0× 10

−6
4.3× 10

−9
3.7× 10

−4
1.9× 10

−3

σ 3.6 4.2 4.9 5.9 3.56 3.10

S1 [keVee] 0.373±0.020 0.304±0.028 0.350±0.021 0.270±0.023 0.303 0.266 0.416±0.022 0.353±0.028 0.343±0.022 0.291±0.026

S2 [keVee

2
/keVnr] 0.035±0.005 0.047±0.005 0.037±0.005 0.049±0.004 0.025±0.005 0.036±0.005 0.030±0.004 0.038±0.004

C

ER
0 [keVee] -0.409±0.016 -0.409±0.026 -0.409±0.076 -0.409±0.028 -0.388±0.017 -0.380±0.011 -0.374±0.012 -0.367±0.011

C

ER
1 [keVee/keVnr] 0.646±0.002 0.646±0.002 0.647±0.002 0.647±0.002 0.642±0.008 0.642±0.001 0.642±0.008 0.642±0.001

A

ER
2 [keVnr

−1
] 0.058±0.009 0.067±0.009 0.064±0.009 0.072±0.009 0.025±0.007 0.300±0.007 0.036±0.007 0.039±0.007

α 1.621±0.152 1.746±0.123 1.697±0.218 1.794±0.124 1.551±0.091 1.599±0.088 1.455±0.092 1.531±0.089

n 1.035±0.286 0.917±0.233 0.964±0.381 0.927±0.237 1.019±0.170 1.058±0.164 1.185±0.185 1.130±0.170

C

ZC
0 [keVee] 0.459±0.024 0.318±0.040 0.416±0.024 0.272±0.042 0.551±0.038 0.379±0.043 0.436±0.035 0.332±0.035

A

ZC
2 [keVnr

−1
] 0.438±0.030 0.327±0.038 0.462±0.036 0.342±0.037 0.411±0.051 0.277±0.041 0.359±0.046 0.283±0.400

C

NR
0 [keVee] -0.088±0.101 -0.088±0.028 0.064±0.094 0.064±0.152

C

NR
1 [keVee/keVnr] 0.170±0.021 0.170±0.007 0.202±0.005 0.202±0.024

C

NR
2 [keVee/keVnr

2
] 0.004±0.001 0.004±0.001 0.005±0.000 0.005±0.001

A

NR
2 [keVnr

−1
] 0.693±0.089 0.712±0.089 0.650±0.081 0.701±0.079 0.567±0.101 0.622±0.147

f

ER
0.819±0.009 0.811±0.009 0.829±0.010 0.819±0.010 0.921±0.006 0.904±0.007 0.931±0.006 0.916±0.007

f

ZC
0.181±0.009 0.112±0.015 0.171±0.009 0.107±0.013 0.079±0.006 0.057±0.010 0.069±0.006 0.057±0.006

f

NR
0.076±0.012 0.074±0.009 0.039±0.007 0.027±0.006

NR rate > 3 keVnr 0.87±0.14 0.86±0.11 0.93±0.17 0.95±0.14 0.72±0.13 0.49±0.11

[c/kg-day]

5

Table 1: Fit parameters for all detectors and without T3Z5. Displayed are the parameters from our fits to both singles and multiples separately and

the values found in [2]. We calculate a higher significance according to the slightly better likelihood ratio in [2] vs. their arXiv submission.
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Figure 5: Recoil energy data from all detectors not including T3Z5 fit to ER+SE, ZC, and NR-excess distribu-
tions. The top panels are fits to backgrounds with a NR signal model, the bottom plots are background-only
fits. The figures on the left are for single detector scatter data and the plots on the right are for events that
scattered in multiple detectors. The ER+SE fit is in red, the ZC fit is in green, the NR signal fit is blue,
and the sum of the distributions are in black.
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Table 1: Fit parameters for all detectors and without T3Z5. Displayed are the parameters from our fits to both singles and multiples separately and

the values found in [2]. We calculate a higher significance according to the slightly better likelihood ratio in [2] vs. their arXiv submission.

singles – all detectors singles – all-T3Z5 Collar/Fields’ multiples – all detectors multiples – all-T3Z5

Parameter no NR with NR no NR with NR all all - T3Z5 no NR with NR

−2 lnΛ/∆d.o.f. 22.74 / 5 28.7 / 5 35.8 / 5 47.6 / 5 22.8 / 5 19 / 5

p-value 3.8× 10

−4
2.7× 10

−5
1.0× 10

−6
4.3× 10

−9
3.7× 10

−4
1.9× 10

−3

σ 3.6 4.2 4.9 5.9 3.56 3.10

S1 [keVee] 0.373±0.020 0.304±0.028 0.350±0.021 0.270±0.023 0.303 0.266 0.416±0.022 0.353±0.028 0.343±0.022 0.291±0.026
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C

ER
1 [keVee/keVnr] 0.646±0.002 0.646±0.002 0.647±0.002 0.647±0.002 0.642±0.008 0.642±0.001 0.642±0.008 0.642±0.001

A

ER
2 [keVnr

−1
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the values found in [2]. We calculate a higher significance according to the slightly better likelihood ratio in [2] vs. their arXiv submission.
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S2 [keVee

2
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Figure 5: Recoil energy data from all detectors not including T3Z5 fit to ER+SE, ZC, and NR-excess distribu-
tions. The top panels are fits to backgrounds with a NR signal model, the bottom plots are background-only
fits. The figures on the left are for single detector scatter data and the plots on the right are for events that
scattered in multiple detectors. The ER+SE fit is in red, the ZC fit is in green, the NR signal fit is blue,
and the sum of the distributions are in black.
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Table 1: Fit parameters for all detectors and without T3Z5. Displayed are the parameters from our fits to both singles and multiples separately and

the values found in [2]. We calculate a higher significance according to the slightly better likelihood ratio in [2] vs. their arXiv submission.

singles – all detectors singles – all-T3Z5 Collar/Fields’ multiples – all detectors multiples – all-T3Z5

Parameter no NR with NR no NR with NR all all - T3Z5 no NR with NR

−2 lnΛ/∆d.o.f. 22.74 / 5 28.7 / 5 35.8 / 5 47.6 / 5 22.8 / 5 19 / 5

p-value 3.8× 10

−4
2.7× 10

−5
1.0× 10

−6
4.3× 10

−9
3.7× 10

−4
1.9× 10

−3

σ 3.6 4.2 4.9 5.9 3.56 3.10

S1 [keVee] 0.373±0.020 0.304±0.028 0.350±0.021 0.270±0.023 0.303 0.266 0.416±0.022 0.353±0.028 0.343±0.022 0.291±0.026

S2 [keVee

2
/keVnr] 0.035±0.005 0.047±0.005 0.037±0.005 0.049±0.004 0.025±0.005 0.036±0.005 0.030±0.004 0.038±0.004

C

ER
0 [keVee] -0.409±0.016 -0.409±0.026 -0.409±0.076 -0.409±0.028 -0.388±0.017 -0.380±0.011 -0.374±0.012 -0.367±0.011

C

ER
1 [keVee/keVnr] 0.646±0.002 0.646±0.002 0.647±0.002 0.647±0.002 0.642±0.008 0.642±0.001 0.642±0.008 0.642±0.001
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−1
] 0.058±0.009 0.067±0.009 0.064±0.009 0.072±0.009 0.025±0.007 0.300±0.007 0.036±0.007 0.039±0.007

α 1.621±0.152 1.746±0.123 1.697±0.218 1.794±0.124 1.551±0.091 1.599±0.088 1.455±0.092 1.531±0.089

n 1.035±0.286 0.917±0.233 0.964±0.381 0.927±0.237 1.019±0.170 1.058±0.164 1.185±0.185 1.130±0.170

C

ZC
0 [keVee] 0.459±0.024 0.318±0.040 0.416±0.024 0.272±0.042 0.551±0.038 0.379±0.043 0.436±0.035 0.332±0.035

A

ZC
2 [keVnr
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] 0.438±0.030 0.327±0.038 0.462±0.036 0.342±0.037 0.411±0.051 0.277±0.041 0.359±0.046 0.283±0.400

C

NR
0 [keVee] -0.088±0.101 -0.088±0.028 0.064±0.094 0.064±0.152

C

NR
1 [keVee/keVnr] 0.170±0.021 0.170±0.007 0.202±0.005 0.202±0.024

C

NR
2 [keVee/keVnr

2
] 0.004±0.001 0.004±0.001 0.005±0.000 0.005±0.001

A

NR
2 [keVnr

−1
] 0.693±0.089 0.712±0.089 0.650±0.081 0.701±0.079 0.567±0.101 0.622±0.147

f

ER
0.819±0.009 0.811±0.009 0.829±0.010 0.819±0.010 0.921±0.006 0.904±0.007 0.931±0.006 0.916±0.007

f
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f
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0.076±0.012 0.074±0.009 0.039±0.007 0.027±0.006

NR rate > 3 keVnr 0.87±0.14 0.86±0.11 0.93±0.17 0.95±0.14 0.72±0.13 0.49±0.11
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Figure 3: Recoil energy data from all detectors fit to ER+SE, ZC, and NR-excess distributions. The top
panels are fits to backgrounds with a NR signal model, the bottom plots are background-only fits. The
figures on the left are for single detector scatter data and the plots on the right are for events that scattered
in multiple detectors. The ER+SE fit is in red, the ZC fit is in green, the NR signal fit is blue, and the sum
of the distributions are in black.
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Table 1: Fit parameters for all detectors and without T3Z5. Displayed are the parameters from our fits to both singles and multiples separately and

the values found in [2]. We calculate a higher significance according to the slightly better likelihood ratio in [2] vs. their arXiv submission.

singles – all detectors singles – all-T3Z5 Collar/Fields’ multiples – all detectors multiples – all-T3Z5

Parameter no NR with NR no NR with NR all all - T3Z5 no NR with NR

−2 lnΛ/∆d.o.f. 22.74 / 5 28.7 / 5 35.8 / 5 47.6 / 5 22.8 / 5 19 / 5

p-value 3.8× 10

−4
2.7× 10

−5
1.0× 10

−6
4.3× 10

−9
3.7× 10

−4
1.9× 10

−3

σ 3.6 4.2 4.9 5.9 3.56 3.10

S1 [keVee] 0.373±0.020 0.304±0.028 0.350±0.021 0.270±0.023 0.303 0.266 0.416±0.022 0.353±0.028 0.343±0.022 0.291±0.026

S2 [keVee

2
/keVnr] 0.035±0.005 0.047±0.005 0.037±0.005 0.049±0.004 0.025±0.005 0.036±0.005 0.030±0.004 0.038±0.004

C

ER
0 [keVee] -0.409±0.016 -0.409±0.026 -0.409±0.076 -0.409±0.028 -0.388±0.017 -0.380±0.011 -0.374±0.012 -0.367±0.011

C

ER
1 [keVee/keVnr] 0.646±0.002 0.646±0.002 0.647±0.002 0.647±0.002 0.642±0.008 0.642±0.001 0.642±0.008 0.642±0.001

A
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2 [keVnr

−1
] 0.058±0.009 0.067±0.009 0.064±0.009 0.072±0.009 0.025±0.007 0.300±0.007 0.036±0.007 0.039±0.007

α 1.621±0.152 1.746±0.123 1.697±0.218 1.794±0.124 1.551±0.091 1.599±0.088 1.455±0.092 1.531±0.089

n 1.035±0.286 0.917±0.233 0.964±0.381 0.927±0.237 1.019±0.170 1.058±0.164 1.185±0.185 1.130±0.170

C

ZC
0 [keVee] 0.459±0.024 0.318±0.040 0.416±0.024 0.272±0.042 0.551±0.038 0.379±0.043 0.436±0.035 0.332±0.035

A

ZC
2 [keVnr

−1
] 0.438±0.030 0.327±0.038 0.462±0.036 0.342±0.037 0.411±0.051 0.277±0.041 0.359±0.046 0.283±0.400

C

NR
0 [keVee] -0.088±0.101 -0.088±0.028 0.064±0.094 0.064±0.152

C

NR
1 [keVee/keVnr] 0.170±0.021 0.170±0.007 0.202±0.005 0.202±0.024
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NR
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] 0.004±0.001 0.004±0.001 0.005±0.000 0.005±0.001
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NR
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−1
] 0.693±0.089 0.712±0.089 0.650±0.081 0.701±0.079 0.567±0.101 0.622±0.147

f

ER
0.819±0.009 0.811±0.009 0.829±0.010 0.819±0.010 0.921±0.006 0.904±0.007 0.931±0.006 0.916±0.007
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C

ER
1 [keVee/keVnr] 0.646±0.002 0.646±0.002 0.647±0.002 0.647±0.002 0.642±0.008 0.642±0.001 0.642±0.008 0.642±0.001

A

ER
2 [keVnr

−1
] 0.058±0.009 0.067±0.009 0.064±0.009 0.072±0.009 0.025±0.007 0.300±0.007 0.036±0.007 0.039±0.007

α 1.621±0.152 1.746±0.123 1.697±0.218 1.794±0.124 1.551±0.091 1.599±0.088 1.455±0.092 1.531±0.089

n 1.035±0.286 0.917±0.233 0.964±0.381 0.927±0.237 1.019±0.170 1.058±0.164 1.185±0.185 1.130±0.170

C

ZC
0 [keVee] 0.459±0.024 0.318±0.040 0.416±0.024 0.272±0.042 0.551±0.038 0.379±0.043 0.436±0.035 0.332±0.035

A

ZC
2 [keVnr

−1
] 0.438±0.030 0.327±0.038 0.462±0.036 0.342±0.037 0.411±0.051 0.277±0.041 0.359±0.046 0.283±0.400

C

NR
0 [keVee] -0.088±0.101 -0.088±0.028 0.064±0.094 0.064±0.152

C

NR
1 [keVee/keVnr] 0.170±0.021 0.170±0.007 0.202±0.005 0.202±0.024

C

NR
2 [keVee/keVnr

2
] 0.004±0.001 0.004±0.001 0.005±0.000 0.005±0.001

A

NR
2 [keVnr

−1
] 0.693±0.089 0.712±0.089 0.650±0.081 0.701±0.079 0.567±0.101 0.622±0.147

f

ER
0.819±0.009 0.811±0.009 0.829±0.010 0.819±0.010 0.921±0.006 0.904±0.007 0.931±0.006 0.916±0.007

f

ZC
0.181±0.009 0.112±0.015 0.171±0.009 0.107±0.013 0.079±0.006 0.057±0.010 0.069±0.006 0.057±0.006

f

NR
0.076±0.012 0.074±0.009 0.039±0.007 0.027±0.006

NR rate > 3 keVnr 0.87±0.14 0.86±0.11 0.93±0.17 0.95±0.14 0.72±0.13 0.49±0.11

[c/kg-day]
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Figure 3: Recoil energy data from all detectors fit to ER+SE, ZC, and NR-excess distributions. The top
panels are fits to backgrounds with a NR signal model, the bottom plots are background-only fits. The
figures on the left are for single detector scatter data and the plots on the right are for events that scattered
in multiple detectors. The ER+SE fit is in red, the ZC fit is in green, the NR signal fit is blue, and the sum
of the distributions are in black.
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Hold on a second!! 

• Any background model that needs 
significant NRs in the multiple 
scatters cannot be accurate enough to 
be trustworthy.
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Work in progress

• Include cut efficiencies.

• Developing complete models of important 
backgrounds using custom GEANT4 and 
detector Monte Carlo simulations and 
datasets to determine background 
distributions in recoil energy and ionization 
yield, before and after fiducial-volume cuts.

• Use multiple scatters to check model 
accuracy.
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Efficiency correction

• Cut efficiency 
corrections near 
threshold are 
important.
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210Pb contamination
• As ZC events are a significant background to this type of 

analysis, we’re working hard to understand their source.

• Typically high
 radius.

• 210Pb decays in
the detector 
housing can hit a 
detector with a beta. 

• Population is in the NR
and ZC bands!

18

iZIP 210Pb data

To be quantitative we analyze the 3-4 keVr bin for the differential rate and the 3-40 keVr 
range for the total beta to alpha and ZC beta to alpha total rates. The shape of the 
spectrum dropping to zero needs more work, since the leakage between Qo and Qi has 
not been taken into account yet, nor has noise been added to the charge. However, this 
effect should be negligible for the lowest energy bin at 3-4 keVr since essentially all 
these events have leaked into Qi and are zero charge events.

First note that the differential 3-4 keVr Pb210 beta or ZC beta rate is 1.92 greater than 
average beta differential rate, so that the estimate of a factor of two greater differential 
rate is correct than if a flat spectrum is assumed.

The red curve is the pdf for the beta spectrum, but we are more interested in the ZC 
beta spectrum. So we first compute the ZC beta differential 3-4 keVr rate to total alpha 
rate which is 0.21, so for 1.19 alphas per detector per day, that is 0.25 ZC betas per 

5



Conclusions
• CDMS sees no evidence of annual modulations 

above 5 keVnr. Still working to understand the 
systematics below 5 keVnr.

• Maximum-likelihood methods are powerful 
tools for analyzing low-threshold dark-matter-
search data in the presence of backgrounds.

• While we qualitatively recreate the Collar and 
Fields analysis, any analysis that finds an 
excess in the multiples questions a WIMP 
hypothesis.

• 210Pb decays are an important background, that 
contribute to the ZC and NR events and we are 
working hard to understand their impact.
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